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Obijective

The objective of this presentation is to provide the assembly
details for the JCAA/JG-PP Joint Test Protocol (JTP) test
vehicles.



Lead-Free Solder Alloys

— Tin-silver-copper (95.55n3.9Ag0.6Cu or SAC) - wave,
reflow and hand soldering.

— Tin-silver-copper-bismuth (92.35n3.4Ag1.0Cu3.3Bi or
SACB) - reflow and hand soldering.

— Tin-copper (stabilized) (99.3Sn0.7Cu0.05Ni or SnCu) -
wave and hand soldering.



Solder and Flux

Material

Wave Soldering

Reflow Soldering

Hand Soldering

Flux Cored Solder

Sn0.7Cu (stabilized) X N/A RMA (No Clean)
R
lih NoV((:) Igal::?:?ux A
ROLO Tacky Flux
Sn3.9Ag0.6Cu Sn3.5Ag.7Cu X FILPEEIE S
RMA
VOC Free X
Al No Clean Flux ML
ROLO Tacky Flux
Sn3.4Ag1Cu3.3Bi N/A X 0.010 Dia. Wire
Flux N/A No Clean (RMA) R
ROLO Tacky Flux
Flux Cored Solder
Sn37Pb X X RMA
Flux Type ORMO ROLO DR

ROLO Tacky Flux

The recommended flux of each solder manufacturer was used.




Component Types and Finishes

COMPONENT TYPE COMPONENT FINISH
SnPb
CLCC-20 SAC
SACB
PLCC-20 Sn
TSOP-50 SnPb
TQFP-144 Sn
TQFP-208 NiPdAu
BGA-225 SnPb
SAC
DIP-20 S
NiPdAu
0402Cap Sn
0805Cap Sn
1206Cap Sn
190 CDRac | Cn




Components-Secondary Test Vehicle

COMPONENT TYPE COMPONENT FINISH
SnPb
Hybrids
#934266-501B SAC
SACB
CSPs SnPb
A-CABGA100-.8mm-10mm-DC SAC




JCAA/JG-PP Primarx Test Vehicles

SN Type Circuit Card Reflow | Wave
Solder | Solder

1-41 | "Manufactured- | T,~170°C, GF, IPC-4101/26 |SnPb |SnPb
Control” Immersion Ag

72- "Manufactured- | T,~170°C, GF, IPC-4101/26 |SAC |SAC

110 [ SAC” Immersion Ag

111- | "Manufactured- | T,~170°C, GF, IPC-4101/26 | SACB

149 [ SACB” Immersion Ag

42-71 | “Rework- T,~140°C, GF, IPC-4101/21 | SnPb | SnPb
Control” SnPb HASL

150- | "Rework- SAC" | T,~140°C, GF, IPC-4101/21 | SnPb | SnPb
177 SnPb HASL

178- | "Rework- SACB” | T,~140°C, GF, IPC-4101/21 | SnPb | SnPb
205 SnPb HASL




JICAA/JG-PP Secondarx Test Vehicles

Type Circuit Card Reflow | Wave
Solder | Solder

"Hybrid- Control® | T ,~170°C, GF, IPC-4101/26 | SnPb | SnPb
Immersion Ag

“Hybrid- SAC” Tg~170°C, GF, IPC-4101/26 | SAC SAC
Immersion Ag

“Hybrid- SACB” Tg~170°C, GF, IPC-4101/26 | SACB
Immersion Ag




est Vehicles

NB
14.5"°X 9”°X 0.09”, 6 layers

Immersion silver, Tg ~170 °C, FR4 pe
IPC-4101/26

SnPb HASL, T, ~140 °C, GF (rework);

FR4 per IPC-4101/21

aterials
Sn3.9Ag0.6Cu (SAC) for reflow and
wave soldering
Sn3.4Ag1.0Cu3.3Bi (SACB) for reflow
soldering
Sn0.7Cu0.05Ni (SNIC) for wave
soldering

Sn37Pb (SnPb) for reflow and wave
soldering

semblies
119 Manufactured
89 Reworked
30 CSP and Hybrid
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Rework Test Vehicle
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“Rework-SAC & SACB” Test Vehicles

SnPb solder initially; reworked with SAC, SACB, or SnCu solder

Qty Part Finish Bollorc
Location Part Number Per Before P i
Part Finish
Board Rework

U25 TSOP-50 1 SnPb

u12 TSOP-50 1 SnPb

Us7 TQFP-208 1 NiPdAu NiPdAu

U3 TQFP-208 1 NiPdAu NiPdAu

U18 BGA-225 1 SnPb SAC

U4 BGA-225 1 SnPb SAC

U59 DIP-20 1 NiPdAu NiPdAu

u23 DIP-20 1 NiPdAu NiPdAu




“Rework-SAC” Test Vehicles

u1
TQFP-144

Sn

2
o ”
53| ek
&
SnPb
T
SRF
2
- L
S50 uzr
i i
SniCu
Udq
TQFP-144
Sn

uss
BGA-225

SAC

s
PINP-Z0

uz u4d us us ur
BGA-225 U3 BGA-225 BGA-225 BGA-225 TaFP-144
TOQFP-208
SAC SnPb SAC SAC on
Ui
gt | [8<
g o
E il w4 uis Uﬂﬂ L)
BGA-225 SEE|  |SfE] |SF qup.m.s o g — [sncu
n BAE
S n P b 24 uzs S A C o
TR TSRBi0 — | 9§
3
i SnCu
Uzt U4
TQFP-208 TQFP-208
u3g U40
TRRE TEQBR
U4s
u43 U4 g
;‘,‘_';;‘? égﬁ a;gt BGA-225 BGA-225 TaFF-208
= ! SAC SAC
usz Uil
use SAC S w&
L3 TOFP-144
BGA-225 usT S N us1 uUsz2
S A(‘ TQFP-208 T nP(fusu Tiﬁ%&u

SnPb HASL PWB with SnPb Solder

(TE k]
Sn POIP-20

uz3
PDIP-20

:

30

u
Sn PDIP-20

W5
FDEP-20

uss
Srl POIP-20

U4as
FDIP-20

us1
Sn POIF-20

uss
PDIP-20

us3
S n POIP-Z0




“Manufactured-SAC” Test Vehicle

Immersion Ag PWB with SAC Solder

PDIP-20

I
@

u1
Uz U4 us us u7
TQ;F'—144 BGA-225 u3 BGA-225 BGA-225 BGA-225 TQFSP"‘“
n TQFP-208 n
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L=3
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L
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TQFP-208 TQFE:208
use u4o
uat TSOP-50 TSOP-50
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u11

SN soie2
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Assembly Notes

« Marking with paint dots was required to differentiate between surface
finishes.

« All PLCCs were hand soldered with either SnPb, SAC, or SACB solder.
« Nitrogen was not used during reflow.

* Pb-Free wave solder with SnCu and SAC was performed at Vitronics-Soltec
in New Hampshire.

« After wave solder at Vitronics, the assemblies were cleaned at Kyzen in New
Hampshire.

« Solder touch-up was performed with either SnPb, SAC, SACB or SnCu
solder.

« BGA rework was performed using tacky flux.
 Production traveler was used for serial number documentation.



Assembly Flow

Stencil Print

X-Ray &
Evaluate

Solder Paste
. D906-00004
[LABEL TEST 288 DEK Screen Printer Program CLEAN
& Stencil
VEHICLES SS?;[R) ;FCOP SIDE * required D906-00018
. . + nJ. gu. u C S i
olyimide label/ $n3.4Ag1.0Cu3.3Bi orpane Semi-Aqueous
engrave Sn37Pb (Kester R244NC) Place Tonox 13330
Components
D906-00004
Fuji SMD AutoPlacer CPIV 3
Fuji SMD AutoPlacer IPIII Program
* required
Solder Reflow Remove & Replace
D906-00006 BGA, TQFP, TSOP-50,
ABW Systems TSC-1210 PDip
Forced Convection Reflow D906-00016
Oven Required AirVac DRS24C
equire
|
e
profile
COMP. PREP WAVE  ||eme CLEAN HAND
" SOLDER D906-00018 SOLDER
and hand insert D906-00007 1  Corpane Semi-Aqueous PLCC % X-Ray &
- Cleaner S Evaluate
PDIP-20
Soltec DeltaMax 6723CC Tonox 13330 D906-00012

Alpha NR310 no-clean flux
®nCu)

(SAC)

Vitronics-
Soltec Delta




Assembly Reflow Profiles

andard SnPb Profile
eheat = ~ 120 seconds
140-183°C 280
2ak temperature = 225°C
me above reflow = 60-90

EC 220
amp Rate = 2-3 °C/sec

187

2ad-Free Profile

eheat = 60-120 seconds
150-190°C %
2ak temperature target =
13°C

=flow:

0 seconds above 230°C  *chymrrms—rrr———Tr T ——— TR ———TE—
30-90 seconds above 220°C




L essons Learned

Reflow and wave soldering resulted in a decrease in the processing
window and flux became an important parameter.

Hand soldering is similar to SnPb after a lot of practice (learning curve).
Additional cleaning was required after rework.
Quality inspection yielded varied results; additional training is required.

Smaller (0.37"X 0.377) polyimide labels did not withstand Pb-free wave
soldering.

Parts control is critical during the RoHS transition.
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Comparison of NiPdAu DIPs

Wave soldered with SnPb, SnCu, or SAC

SN10: U35 with SnPb SN121: U35 with SnCu SN80: U35 with SAC

SN41: U59 with SnPb SN138:U59 with SnCu SN110: U59 with SAC

Immersion Ag PWB i



Comparison of different surface finish CLCCs

Soldered with SnPb

SN44 U17 SN156 U17 SN182 U17
SnPb surface finish SACsurface finish SACB surface finish

>nPb HASL PWB



Comparison of BGAs

Soldered with SnPb Solder and reflow profile

A

\
'SAQ SN177 U56 LF . SACB SN205 U56 LF

*USG
‘ ‘ * .-
- - 43
- Iy .'. .

SN44 “Rework-SnPb” SN177 “Rework-SAC” SN205 “Rework-SACB”
SnPb BGA: SnPb solder SAC BGA: SnPb solder SAC BGA: SnPb solder

,,,,,,,,
e T

.:‘ ;?‘;1'\.;‘ '.'.'

>nPb HASL PWB



BGA comparison
Soldered with SnPb, SnAg

SN138 US55 LF

Us6

SnPb “Rework-Control” “Manufactured-SAC” “Manufactured- SACB”
SnPb solder/SnPb BGA SAC solder/SAC BGA SACB solder/SAC BGA

® (® O @
00 (9 OGO @ 006
O
W=l

/=043 % V=0.74% V=18 % V=091 %
‘ Vo288 % V=188 % V=018 % W=1480 % W=351 %
W
=4313 % v=29.18 1% W=E.56 % =292 % ,i
=076 % =014 % =016 % =154 % W=l .
. . . . ‘ ol V=025 % Vel 23 % V=552 %

V51?5/
V=198 %

=050 %

Y=173% Vel ) W=013%

i W=7.02 %
‘ V=3 54% . . V=DSE O/O V=4QD % V=2.4?%

0.36-12.29 void percent -




SIR and EMR Test Vehicles

SIR

* 46 IPC-B-24 boards (SIR)

« |IPC-TM-650 Method 2.6.3.3
— 6 boards with SAC reflow solder alloy and flux
— 6 boards with SACB reflow solder alloy and flux
— 6 boards with SnPb reflow solder alloy and flux
— 6 boards with SnCu wave solder alloy and flux
— 6 boards with SAC wave solder alloy and flux
— 6 boards with SnPb wave solder alloy and flux

— 5 boards with bare copper finish, no solder paste, only processed through
cleaning procedures

— 5 Boards with bare copper finish, no solder paste, passed through reflow
and wave solder machines then cleaned

EMR
» 46 IPC-B-25A boards “D-comb pattern”
* |IPC-TM-650 Method 2.6.14.1



Conclusions

« Assembly of high-performance electronics using Pb-free solder alloys is
possible without a total retrofit of the modern factory.

« Some control of equipment may be necessary where concern for
contamination from a previous SnPb process exists, such as the wave
solder pot.

« Higher processing temperatures impact the soldering process window
(e.g., dwell times, flux chemistry), component moisture sensitivity
controls, and solder flux residue removal.

« Significant resources will be required for component configuration
management to assure that incompatible metallurgies are not mixed in
the factory.

« The huge potential for mixed components from suppliers will drive
validation and inspection costs throughout the factory.

« Rework operations have the potential to reduce the reliability of both Pb-
fron "nA CnDh enlAdAAare ~
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DEK 288 Solder Paste Screen Printer
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Component Placement:

FUJI CP IV used for placement of
capacitors and resistors.

FUJI IP3 used for fine pitch, BGAs, and
other parts.

Alﬂ



Solder Reflow: ABW Systems TSC-1210




Cleaning: Corpane Semi Aqueous Cleaner




X-Ray Evaluation- : Nicolet Imaging Systems 1410Hb




Hand Soldering




Rework (Removal and Replacement)




Wave Soldering: Delta-Max Machine




/ave Soldering @ Vitronics-Soltec: Delta-Wave Machine

| | == TEOR
| waVE SOLDERING PLATEC heRpoTS
. |g WORLDS MOST "m’“‘mﬂiﬁm ‘H&m EYCHANGERBLE S @_’

0§ A 5op LEAD-FREE SOLDERNE of




BGA removal and replacement: AIR-VAC DRS24C
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Comparison of SnPb BGAs

Soldered with SnPb, SnAgCu and SnAgCuBi

¥
*use
L b 9
" .‘*
L : . ’ 4 - L

—

T

SN44 U56 SN110 U56 SN138 U56
soldered with SnPb. soldered with SAC. soldered with SACB.



Pb-Free Rework Profile for BGA Replacement

280

M.O.L.E®STATUS
Max Internal T: 27C 260§ ----

Battery: 4.863
Points: 389

Active: X234X6
Interval: 00:00:01.0 2175

Date: 07/13/04
Time: 15:30:12 V08.58

Device joint target = 243°C
Device top max target = 260°C

Board target = 110°C (process starting
point)

Board max = 150°C
Reflow:

/\ ~97 seconds above 217°C

Bl ~75 seconds above 221°C

187§

Tool status box

1503

degC (@]
" | — ~44 seconds above 235°C
¢ C1=00:00:14 i C2=00:025 . C3=00.04: i = 00:04: i i e}

- Vel 3 oAk..... e o cecceossr o | Bl temperature 241°C
s t/c2 top of UZ body ‘ 146 194 [~ ! 249 i degC
o board surface : 108 132 i, 144 i 148 «c | Ram p rate 1.14°C/sec
8 Y4 under U2 BGA in pad : 150 190 ; 235 i 241 i degC
o open i ; i
® 1ic6 topside under U2 144 : 187 | 241 : 242 i degC

: T Above Ref : Low = 150 Med =217 : Hi = 260 : Cure Factor i Units

“o_open : ] : : !
e tic2 top of U2 body : 00:05:44 H 00:01:41 ; 00:00:14 H 0% | degC
® ‘board surface ) 00:00:00 i 00:00:00 | 00:00:00 0% degC
2 Ycd under U2 BGA in pad : 00:06;14 ] 00:01:37 : 00:00:00 i 0% degC

o open : : : H
8 t/c6 topside under U2 : 00:05:43 i 00:01:36 ‘ 00:00:00 H 0% i degC

. Statistics { Minimum Minimum X Maximum | Maximum X Average : Std Deviation | Units
5 pen 1 : é G,
® ¥c2 top of U2 body CTTTREE T oa0oor 26 aaiaa e AT  degd
8 ‘board surface : 105 i 00:00:00r 149 | 00:04:41r 1299 " 1.7 i degC
8 _tlcd under U2 BGA in pad ‘ 147 ;...00:00:00r 3 241 ...00:04:46r . 1933 284 i degC
o_open RN ; ; NPT

v e i U2 e OO B OO 109 AL S0 AIR-VAC DRS24C.2D



Wave Solder SnPb Profile

‘Rework & Manufactured-Control’

302

L.E.® STATUS
Internal T: 29C
ry: 4.393

s: 260

e: 12XXXX
/al: 00:00:01.0

03/16/04
: 15:02:01 v08.58

= = R Rl e Typical SnPb Profile
Solder Pot Temperature =
o 250°C

Preheat Board T = 101°C
Peak Temperature = 144°C
- Speed: 110 cm/min

64 (007007 {Time)[00:30r,__ [07:00r T0T:307 T0Z:00r T02:30r [03:007 T03:307 T047007
Value C1 =00:00:51r C2 =00:01:42r C3 =00:02:33r | C4 =00:03:24r Units
#1 trailing edge of pwt 77 130 202 292 jeqf
#2 center of pwb - 77 154 210 | 274 degF
T Above Ref Low = 284 Med = 361 Hi = 446 Cure Factor Units
#1 ‘\(11-|Li£: edge of pwb 00:00:21 00:00:00 00:00:00 [ 0% egf
-#2 center of pwb 00:00:00 00:00:00 00:00:00 | 0% degF




SnPb Rework Profile

-
AIR-VAC DRS24C.2D for BGA Removal & Replacement

. 280

.0.L.E.® STATUS

lax Internal T: 24C

attery: 4.599

oints: 219

ctive: XXX4X6 e e e e e e S L L B s T

S Standard SnPb Rework
ime: 14:48:19 V(08.58 .
f | Profile

187% =
183

ool status box

n/Pb base
140§=

| Preheat = ~ 120 seconds
W 5 S by S NN N @140-183°C

Ball Peak temperature =

206°C

|| Time above reflow = 96

IAuto [ |showLag A A F '\ -
i [ Value | C1=00:00:06r | C2=00:0202r C3=00:02:56r C4=00:03:35r | Units Seconds
open | i
open [ — (@]
= | — | Ramp Rate = 2-3 °C/sec
t/c4 under U2 BGA e 40 | 183 | 206 184 | degC

bopen

t/c6 topside U2

T Above Ref Low = 140 Med = 183 Hi =230 Cure Factor Units
=T — | s - ied L L
open
open
Ve under U2 BGA 00:03:32 : 00:01:36 ‘ 00:00:00 0% | degC

open

/'c6 topside U2




“Manufactured-Control” Test Vehicles

Ui
uz2 u4 us ue u7
TG;P—‘IM BGA-225 us BGA-225 BGA-225 BGA-225 TQFP-144
n TQFP-208 Sn
SnPb SnPb SnPb SnPb
?} uin =]
22| [z 85| | 8<
2 - u18 e e o uz20 u21 g”
L PLCC
SnPb = BGA-225 n SHED 55 qu 1;144 L =
s SnPb o - SnPb —
(=]
o roops0 | | Tsopis0
S0 u27 uzs
(= PEEC FLoe
SnPhf
U3 u34
TQFP-208 TQFP-208
U39 u4o
ud1 T . TS0P-50
TQFP-144 PP SaBh
Snh u43 u44 qu;?zus
s Etgf ar BGA-225 BGA-225
S
SnPb neo n S n P b S n p b
us2 us3
sge | |SBR |mec
us8 20,
uss use TQFP-144
BGA-225 BGA-225 oy <n e e
. TSOB-50 TSOP-50
SnPb SnPb TORE:288 b8 SRBE

ug
PDIP-20

Immersion Ag PWB with SnPb Solder

U
SN eow.z0

H23
PDIP-20

uso
Sn PDIP-20

135
FODIP-20

uss
S n PDIP-20

149
PDIP-20

ust
Sn PDIP-20

uss
FDIP-20

us3
n PDIP-20

w




Wave Solder Pb-Free Profile

s wase| -\ SnCu
- 3 Solder Pot Temperature = 265°C
Preheat Board T = 134°C

Peak Temperature = 157°C
Speed: 90 cm/min

| degc| T K 120c 130C 380 C
Show Lag = M LY e TR
Value C1 = 00:00:00r C2 = 00:00:41r C3 = 00:01:21r C4 = 00:02:30r Units

a5 81 156 degC SA( :

- Solder Pot Temperature = 260°C

- Preheat Board T = 136°C

e —— 1 _ Peak Temperature = 161°C

Low =110 Med = 120 Hi=217 Cure Factor Units

s o2 move oo % Tme Speed: 90 cm/min

Statistics Minimu m Minimum X Maximum  Maximum X _ A\;eragé 'S-ki Deviation  Units
n U44 23 00:00:47r 157 00:02:34r 82.1 degC
Summary Stats — Peak Minimum __ Max (+)Slope  Max (-JSlope  Time Above 21 Time 217G-300 217C/ Peak | Peak \217C
228

Profile provided by Vitronics-Soltec




